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The u s e  o f  T e t r a l i n  and s i m i l a r  H-donor s o l v e n t s  i n  t h e  hydroconver s ion  o f  
c o a l  t o  l i q u i d  f u e l s  is w e l l  known ( 1 ) ,  and is impor t an t  i n  l a r g e - s c a l e  c o a l  conver- 
s i o n  p r o c e s s e s  ( 2 ) .  
H-donor s o l v e n t ,  y i e l d i n g  p r o d u c t s  similar t o  t h o s e  g e n e r a t e d  i n  T e t r a l i n - b a s e d  
sys t ems .  Con t ra ry  t o  t h e  c a s e  f o r  T e t r a l i n ,  it a p p e a r s  t h a t  t h e  a c t i o n  o f  t h e  
i s o p r o p y l  a l c o h o l  can  be promoted by t h e  p r e s e n c e  o f  b a s e s .  T h i s  r e p o r t  p r e s e n t s  
i n i t i a l  d a t a  from a r e s e a r c h  program s t i l l  i n  p r o g r e s s ;  a f u l l  accoun t  o f  t h e  work 
w i l l  be  p r e s e n t e d  i n  a subsequen t  manusc r ip t .  

We p r e s e n t  h e r e  ev idence  t h a t  i s o p r o p y l  a l c o h o l  can  a c t  as an  

EXPERIMENTAL PROCEDURES 

The expe r imen t s  d e s c r i b e d  h e r e  were c a r r i e d  o u t  i n  a 300-1111 MagneDrive, s t a i n -  
less s t e e l  a u t o c l a v e  from Autoclave Eng inee r s .  The s u b s t r a t e  w a s  b e n e f i c i a t e d  
I l l i n o i s  N o .  fi c o a l  s u p p l i e d  by Pennsy lvan ia  S t a t e  U n i v e r s i t y  (PSOC 2 6 ) ,  and ground 
under  n i t r o g e n  i n  a b a l l  m i l l  t o  -60 mesh. I n  each run ,  5-g samples  of t h e  c o a l  
were used, i n  a d d i t i o n  t o  75 t o  1 5 0  g o f  a l c o h o l  s o l v e n t .  These expe r imen t s  were 
r u n  a t  335'C f o r  90 min, w i t h  t y p i c a l l y  4 5  min heat-up and 60 min cool-down 
p e r i o d s .  N o  hydrogen w a s  u sed  i n  any of t h e  expe r imen t s  d e s c r i b e d ,  and t h e  p re s -  
s u r e s  a r e  t h o s e  g e n e r a t e d  by t h e  s o l v e n t s  t hemse lves .  The r e a c t i o n  t empera tu re  of 
335'C was above t h e  c r i t i c a l  t empera tu res  o f  t h e  a l c o h o l s  used. 

I n  t h e s e  expe r imen t s  t h e  p roduc t  m i x t u r e  w a s  f i l t e r e d ,  t h e  r e s i d u e  washed with 
more s o l v e n t  u n t i l  t h e  washings were c o l o r l e s s ,  and t h e  f i l t r a t e  r ecove red  by evapo- 
r a t i o n  of t h e  s o l v e n t  unde r  vacuum. For t h o s e  c a s e s  i n  which a l k o x i d e  s a l t s  were 
used, a l l  f r a c t i o n s  were a p p r o p r i a t e l y  n e u t r a l i z e d  w i t h  c o n c e n t r a t e d  HC1. Both t h e  
f i l t r a t e  and r e s i d u e  were t h e n  d r i e d  t o  c o n s t a n t  weight  a t  l l0 'C unde r  < 1 t o r r  
p r e s s u r e .  I n  a l l  cases t h e  i s o -  
l a t e d  f i l t r a t e  was found t o  be f u l l y  p y r i d i n e - s o l u b l e .  P y r i d i n e  s o l u b i l i t i e s  o f  
t h e  r e s i d u e s  were de t e rmined  a t  room t empera tu re ,  w i t h  0.5 g o f  a p roduc t  c o a l  
f r a c t i o n  s t i r r e d  f o r  1 h r  i n  50 m l  p y r i d i n e .  The p y r i d i n e  s o l u b i l i t i e s  o f  t h e  

r e s i d u e s  were e s t a b l i s h e d  f o r  a l l  c a s e s  and r eco rded  as t h e  f r a c t i o n  o f  t h e  r e s i d u e  
s o l u b l e  i n  p y r i d i n e .  For some c a s e s ,  i t  w a s  conven ien t  t o  r e f e r  t o  t h e  composi te  

' p y r i d i n e  s o l u b i l i t i e s  and e l e m e n t a l  compos i t ion  v a l u e s ,  t h a t  is ,  t h e s e  v a l u e s  f o r  
t h e  e n t i r e  c o a l  sample.  I n  t h e s e  i n s t a n c e s  t h e  i n d i v i d u a l  v a l u e s  f o r  bo th  t h e  
f i l t ra tes  and r e s i d u e s  were a p p r o p r i a t e l y  summed and r eco rded .  

Mass b a l a n c e s  were g e n e r a l l y  g r e a t e r  t h a n  95%. 
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H a l / U a r  ra t ios  were ob ta ined  from t h e  p r o t o n  NMR s p e c t r a ,  which were r u n  on a 
Var i an  EM 3fiO s p e c t r o m e t e r  u s i n g  n e a r l y  s a t u r a t e d  s o l u t i o n s  o f  sample i n  py r id ine -d ,  
o r  CS,/pyridine-d,  mix tu res .  
W i l s o n v i l l e ,  Alabama, sample number 16573, d e r i v e d  from a n  I l l i n o i s  No. 6 c o a l  and  
p rocessed  t o  K109 SRC s p e c i f i c a t i o n .  

The SRC used  was s u p p l i e d  by C a t a l y t i c ,  Inc . ,  

RESULTS AND DISCUSSION 

Autoc lave  Experiments  

The r e s u l t s  o f  a series o f  expe r imen t s  r u n  a t  335'C wi th  a number of s o l v e n t s  
a r e  summarized i n  Tab le  1. The f i g u r e s  f o r  t h e  p y r i d i n e  s o l u b i l i t i e s  and e l e m e n t a l  
a n a l y s e s  a r e  composi te  v a l u e s ,  c a l c u l a t e d  from t h e  r e s p e c t i v e  v a l u e s  for b o t h  t h e  
f i l t r a t e  and r e s i d u e  f r o m  each  r u n .  
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The t a b l e  shows t h a t  t h e  u n t r e a t e d  c o a l  has  a p y r i d i n e  s o l u b i l i t y  of 17%. I n  
Run 21 ,  i n  which t h e  c o a l  is treated wi th  i s o p r o p y l  a l c o h o l ,  t h e  r e s u l t i n g  p roduc t  
c o a l  d i s p l a y s  a s o l u b i l i t y  i n  p y r i d i n e  of 5 6 .  
and i s  comparable  t o  t h e  r e s u l t s  f o r  a similar experiment  w i t h  T e t r a l i n ,  Run 48, 

T h i s  r e s u l t  i s  c l e a r l y  s i g n i f i c a n t ,  
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where t h e  r e s u l t a n t  c o a l  p roduc t  shows a 47% p y r i d i n e  s o l u b i l i t y .  
s i m i l a r i t y  of t h e  e l e m e n t a l  a n a l y s e s  f o r  t h e  p r o d u c t s  i n  bo th  c a s e s  leads  u s  t o  
conclude t h a t ,  l i k e  T e t r a l i n ,  i s o p r o p y l  a l c o h o l  a c t s  a s  an H-donor under  t h e s e  
c o n d i t i o n s .  

The s u r p r i s i n g  

An a l t e r n a t i v e  p o s s i b i l i t y  i s  t h e  i n t r o d u c t i o n  of i sop ropyoxy l  groups t o  t h e  
c o a l ,  which would p o s s i b l y  i n c r e a s e  bo th  t h e  s o l u b i l i t y  and t h e  H/C r a t i o .  
r o u t e  is m x t  l i k e l y  r u l e d  o u t  f o r  Run 21, however, on t h e  b a s i s  of t h e  d e c r e a s e  i n  
t h e  O/C r a t i o  wi th  r e s p e c t  t o  t h e  s t a r t i n g  c o a l .  

T h i s  

T h i s  p o i n t  i s  confirmed by t h e  r e s u l t s  of Run 36, where t - b u t y l  a l c o h o l  w a s  
used.  The s t r u c t u r a l  d i f f e r e n c e s  between i s o p r o p y l  and t - b u t y l  a l c o h o l s  are i n s i g -  
n i f i c a n t  f o r  work a t  t h e s e  t empera tu res ,  and i f  a l k o x y l a t i o n  were impor t an t ,  it 
would t a k e  p l a c e  w i t h  bo th  a l c o h o l s .  The p y r i d i n e  s o l u b i l i t y  o f  t h e  product  c o a l  
from t h e  t - b u t y l  a l c o h o l  expe r imen t ,  however, is  somewhat less t h a n  t h a t  of t h e  
s t a r t i n g  c o a l ,  and s i g n i f i c a n t l y  l e s s  t h a n  t h e  resul ts  for Runs 21  and 48. These 
d a t a  thus  s u p p x t  o u r  c o n t e n t i o n  t h a t  f o r  t h e  i s o p r o p y l  a l c o h o l  c a s e  n o  inco rpora -  
t i o n  of s o l v e n t  i n t o  t h e  c o a l  has  t a k e n  p l a c e .  On t h e  o t h e r  hand o n l y  t h e  iso- 
?)ropy1 a l c o h o l  can p r o v i d e  hydrogen, pe rhaps  as hydr ide ,  a s  d i s c u s s e d  below. The 
l a r g e  d i f f e r e n c e  i n  t h e  r e s u l t s  i s  t h u s  c o n s i s t e n t  w i t h  H-donat ion by i s o p r o p y l  
a l coho l .  

These r e s u l t s  s u g g e s t  a s i m i l a r i t y  i n  g e n e r a l  mechanism t o  t h e  known Meerwein- 
Pondorff  r e d u c t i o n  o f  c a r b o n y l  g roups  wi th  i sop ropox ide  s a l t s ,  most commonly 
aluminum i sopropox ide  i n  i s o p r o p y l  a l c o h o l  ( 3 ) .  
t h e  oxygen-bearing c a r b o n  i n  t h e  a l c o h o l  i s  t r a n s f e r r e d  t o  a ca rbony l  group, t he reby  
r educ ing  i t .  To tesL t h i s  p o s s i b l e  mode of r e a c t i o n ,  aluminum i sopropox ide  w a s  
added to t h e  r e a c t i o n  m i x t u r e  i n  Run 53 and po ta s s ium i sopropox ide  was added i n  
Run 54. 

In  t h i s  r e a c t i o n  hydr ide  ion  from 

F o r  Run 53, t h e  p roduc t  is  61% s o l u b l e  i n  p y r i d i n e ,  somewhat enhanced r e l a t i v e  
t o  ihe  v a l u e  f o r  i s o p r o p y l  a l c o h o l  a lone .  For t h e  po ta s s ium i sopropox ide  c a s e  t h e  
r e s u l t  i s  s t r i k i n g .  
a d d i t i o n a l l y ,  t h e  o r g a n i c  s u l f u r  i n  t h e  c o a l  has  been r educed  t o  t h e  low va lue  of 
0.41%. 

The p roduc t  c o a l  is e s s e n t i a l l y  f u l l y  p y r i d i n e - s o l u b l e ,  and 

W h i l e  t h e s e  d a t a  s t r o n g l y  s u p p o r t  a hydr ide  t r a n s f e r  p r o c e s s ,  it might be 
proposed t h a t  t h e  r e s u l t s  were due t o  some k ind  o f  base-promoted d i s s o l u t i o n .  This  
p o s s i b i l i t y  w a s  e l i m i n a t e d  by t h e  d a t a  from Run 61,  i n  which po ta s s ium t -bu tox ide  
i n  t - b u t y l  a l c o h o l  was used.  H e r e  t h e  r e s u l t  is  l i t t l e  d i f f e r e n t  from t h a t  f o r  
t - b u t y l  a l c o h o l  a l o n e .  

Thus i t  c a n  b e  conc luded  t h a t  i s o p r o p y l  a l c o h o l  c a n  a c t  a s  a n  H-donor s o l v e n t  
f o r  c o a l  c o n v e r s i o n  i n  a p r o c e s s  i n v o l v i n g  hydr ide  t r a n s f e r  from t h e  a l c o h o l ,  or 
a l k o x i d e  sa l t ,  t o  t h e  c o a l .  
a c h a i n  p r o c e s s ,  s u c h  as 

The n e t  t r a n s f e r  of H, t o  t h e  coal c o u l d  i nvo lve  a 

-OCH(CH,), + c o a l  - O=C(CH,) ,  + coalH- (1) 

coalH- t HOCH(CH,),- coalH, + -OCH(CH,),  ( 2 )  
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i n  which t h e  a l k o x i d e  i o n  is  r e g e n e r a t e d  wi th  each  c y c l e ,  H2 has  been t r a n s f e r r e d  
t o  t h e  c o a l ,  and a c e t o n e  i s  formed. The fo rma t ion  of a c e t o n e  has  i n  f a c t  been 
confirmed q u a l i t a t i v e l y ,  and expe r imen t s  are  c u r r e n t l y  unde r  way t o  assess t h e  
q u a n t i t a t i v e  n a t u r e  o f  t h e  p r o c e s s .  

P r o d u c t  C h a r a c t e r i z a t i o n  

b 

While we have w r i t t e n  r e a c t i o n  ( 2 )  w i t h  t h e  n o t a t i o n  coalH,, we do n o t  wish t o  
imply t h a t  s imp le  h y d r o a d d i t i o n  t o  m u l t i p l e  bonds has  n e c e s s a r i l y  o c c u r r e d .  The 
q u e s t i o n  o f  t h e  s p e c i f i c  s i t e  o f  hydrogen r e a c t i o n  remains open, and i t  i s  o f  
i n t e r e s t  t o  e s t a b l i s h  t h e  d e g r e e s  t o  which h y d r o a d d i t i o n  and hydroc rack ing  have 
t a k e n  p l a c e .  

Accordingly,  it is  conven ien t  t o  look a t  o u r  p roduc t  d a t a  i n  more d e t a i l ,  
namely i n  terms of  t h e  s e p a r a t e d  f r a c t i o n s  o f  t h e  prOdJCt c o a l .  T a b l e  2 p r e s e n t s  
d a t a  f o r  t h e  f r a c t i o n  o f  t h e  s t a r t i n g  c o a l  i s o l a t e d  from t h e  s o l v e n t  a f t e r  r eac -  
t i o n ,  t h e  H/C and Hal/Har ratios f o r  t h a t  f r a c t i o n ,  t h e  H/C r a t i o  of t h e  r e s i d u e ,  
and t h e  s o l u b i l i t y  o f  t h e  r e s i d u e  i n  p y r i d i n e .  
s t a r t i n g  c o a l ,  f o r  t h e  r e s i d u e  from t h e  po ta s s ium i s o p r o x i d e  expe r imen t ,  and f o r  
an  I l l i n o i s  No. 6 SRC. The v a l u e s  f o r  p y r i d i n e  s o l u b i l i t y  o f  t h e  r e s i d u e  a r e  
g iven  a s  t h e  f r a c t i o n  o f  t h e  r e s i d u e  s o l u b l e  i n  p y r i d i n e .  For example for Run 21, 
o f  t h e  s t a r t i n g  5 g o f  c o a l ,  1 . 0  g,  o r  20$, was recove red  from s o l u t i o n  i n  i s o -  
p ropy l  a l c o h o l  a t  t h e  end o f  t h e  run.  Of t h e  r ema in ing  4.0 g of r e s i d u e ,  1 . 5  g ,  
or 37.5$ was s o l u b l e  i n  p y r i d i n e .  

A l s o  g i v e n  a r e  Hal/Har  f o r  t h e  

T a b l c  2 
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'The s o l u b i l i t i e s  of t h c  u n t r e a t e d  con1 i n  t h e  medln arc 5 1s for a 1 1  CBSCS. 

b.rhesc ml:!os represent thc  s o l u h i l l t i e s  of t h e  : . e s u l t o n t  coal P P O d U C t S  

In t h e  r c ~ p ~ ~ ~ i ~ ~  ncdia .  
S O I U ~ L O  in 311 c a s e s .  

The f i l t r a t e s  ruere found to be c o l n p l e t e l y  p y r i d i n e  

'meso y z l u c s  r e p r e s e n t  t h e  f r a c t i o n  of t ~ i e  i s o l a t e d  res ic~uc  S O ~ U ~ ~ C  i n  p y r i d i n e .  

*G. "i l l ,  ! I _  H n r i r i ,  R .  Reed,aind L. Anderson, Advances i n  C h e m i s t r y  SerlL-5 55, 
-127 (1866). 
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R e s u l t s  f o r  a n  expe r imen t  w i t h  h e p t a n e  (Run 2 5 )  are p r e s e n t e d  i n  t h e  t a b l e  
f o r  comparison. C l e a r l y  t h e  hep tane  r u n  d i d  n o t  r e s u l t  i n  much c o a l  d i s s o l u t i o n ,  
nor  d i d  t h e  r e s i d s e  d i s p l a y  any unusua l  behav io r .  

0 

For Runs 48 and 21, however, w i th  T e t r a l i n  and i s o p r o p y l  a l c o h o l ,  r e s p e c t i v e l y ,  
abou t  a f i f t h  of t h e  s t a r t i n g  C o a l  is c o n v e r t e d  t o  material  s o l u b l e  i n  t h e  media 
themselves ,  and t h e  H/C r a t i o s  are enhanced.  The r e s i d u e s  f o r  bo th  c a s e s  have a l s o  
undergone c h e n i c a l  change.  For  bo th  t h e  T e t r a l i n  and t h e  a l c o h o l  expe r imen t s  t h e  
r e s i d u e s  are 35-40$ p y r i d i n e - s o l u b l e .  The H/C v a l u e s  f o r  t h e s e  f r a c t i o n s ,  however, 
a r e  e s s e n t i a l l y  t h e  same as t h a t  f o r  t h e  s t a r t i n g  c o a l .  Thus it would appea r  t h a t ,  
f o r  both s o l v e n t s ,  a chemica l  p r o c e s s  is t a k i n g  p l a c e  t h a t  (1) adds  hydrogen t o  
some f r a c t i o n  o f  t h e  coal,  c o n v e r t i n g  it t o  m a t e r i a l  s o l u b l e  i n  t h e  r e s p e c t i v e  
media,  and (2) g e n e r a t e s  a r e s i d u e  w i t h  a l a r g e  p y r i d i n e  s o l u b i l i t y ,  b u t  w i th  no 
s i g n i f i c a n t  i n c r e a s e  i n  hydrogen c o n t e n t .  

The r e s u l t s  f o r  Run 54 wi th  po ta s s ium i sop-opox ide  show t h a t  4@ of  t h e  s t a r t -  
i n g  c o a l  i s  conve r t ed  t o  a p r o d u c t  s o l u b l e  i n  t h e  r e a c t i o n  medium. Tha t  f r a c t i o n  
i s  c o n s i d e r a b l y  e n r i c h e d  i n  hydrogen, and  a s u b s t a n t i a l  f r a c t i o n  o f  t h e  added 
hydrogen i s  a l i p h a t i c ,  comparable  t o  t h e  s m a l l  q u a n t i t y  of m a t e r i a l  i s o l a t e d  from 
t h e  f i l t r a t e  of t h e  hep tane  expe r imen t .  The r e s i d u e  i n  t h i s  c a s e  is  e s s e n t i a l l y  
f u l l y  p y r i d i n e - s o l u b l e  and,  i n  c o n t r a s t  t o  t h o s e  f o r  Runs 21 and 48 ,  has  been 
en r i ched  i n  hydrogen. 
shown i n  t h e  t a b l e  f o r  SRC, a l t h o u g h  i t  is  c l e a r  t h a t  o u r  p roduc t  has  more o v e r a l l  
a l i p h a t i c  c h a r a c t e r  t h a n  t h e  SRC. Both are also c o n s i d e r a b l y  more a r o m a t i c  i n  
c h a r a c t e r  t h a n  t h e  s t a r t i n g  c o a l ,  a l t h o u g h  t h e  Hal/Har v a l u e  f o r  t h e  c o a l  is  f o r  
an  "average c o a l "  and i s  p robab ly  o n l y  a rough, s e m i q u a n t i t a t i v e  v a l u e  of t h e  
ra t io  for o u r  s t a r t i n g  c o a l .  

The H/C and Hal/Har d a t a  are reasonab ly  similar t o  t h o s e  

I f  j u s t  t h e  hydrogen and ca rbon  c o n t e n t s  are  c o n s i d e r e d ,  t h e  v a l u e s  f o r  both 
t h e  Run 54 r e s i d u e  and  t h e  SRC pe rmi t  t h e  c a l c u l a t i o n  o f  a n  ave rage  molecu le  f o r  
both.  I n t e r e s t i n g l y ,  t h e  d a t a  f o r  bo th  c a n  be accommodated by 

r e s i d u e ,  Run 54 

T h i s  r e s u l t  i n c l u d e s  number a v e r a g e  m o l e c u l a r  weight  d a t a  i n  t h e  r ange  1000-1300, 
which we have o b t a i n e d  f o r  bo th  m a t e r i a l s ,  I t  a p p e a r s  t h a t  t h e  two may be s imply 
r e l a t e d ,  w i t h  a d d i t i o n a l  polymethylene b r i d g e s ,  or hydroaromatic  components,  
p r e s e n t  i n  ou r  p roduc t .  The i m p l i c a t i o n s  o f  t h i s  r e s u l t  await f u r t h e r  s t u d y .  
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